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[ASM] 

[-8-^=1 

S-, ^ ^§^b§- *}^^}^ 44 ^-ai^H 

X|i ^*HH *}&o_3, S.^£iZ])°}#SL2. J\&m= y o v ^*, (a) xll 

(b) (a) #3HH 31^ xi i o]^s** -aawtl * ^ 71 *fl3 

fl*H*l ol^s^oi i^i^ioi^on ^eM^l ^^^l ##*Rr #31, £ (c) (b) #31 

°1H ##^4, °l-§-S^°l Esg^ol^ofl ^etb ^-f *fll U-^zW si«fl 31 ^^*>£^- 

■g- 31^>J1 XI 2 ^4^1 4^ ^^*>5L^- *fl<H*Hr #31» 
S. 6b 
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Sl^^H^d ^•g;^ ^ {Method and apparatus for allowing mobile 

robot to return to a docking station} 
[51*|^ ^} 

51 l£ o]^ S ^ S^iEflol^jH-^ o^j ^ h 0 >^^1» 3L^*>b (x, y, Y ) *rM. 
£ 2b -g- 4€r E^i^M^ J\QQx]<>\ ^1 ^Aj^oj q.E|- 

51 3£- -g- ^ofl 4€r ol^s^r^ i^^Eflol^ ^ &^*} 9] ^2 *JAl°fl^ ^ o. q.^ 

£ 4b £ 2 Sib £ 3^1 5a ^*}b 51^ 

51 5b 51 2 21b 51 3*11 91^ M J±#-¥-3 M)^^o^ ^ o. ^je, ^ 

51 6a ^ 51 6bb t^ofl 4^ ol^s.^-^ Sl^l^H^ ^^Kr 51<£o) 

^. 

S^H<>fl ^ ^-^1 *r^^rb °l^iiL£o] ^ 

^-8: fe*r *r^-°5L 51^ ^efl o] ^ ^Wb ^ ^ 3rtb 
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^<3* *8*Rr cf^tt ^l^S-^l-ol 7B^£lJl s-ig, ^ A>-g-^>o) £ 4 

^^Vji7.> ^ Vfl# ii£ ^^^^ w>^o.s^-b1 ^1, O}^^ * 

^#3*1 ^H*} 1 ^ ^^tf. oi&i^- ^ %^q<*n cfl^> 

SlJl, ZL ^«fl^l ^ t-^ £^iEflo]^4^ ^e] ^gcH^i <a*H W o V*]^ O.^ 

^s.*l^-7fl^-Ji 2000-66728 J: , ^^^fl^iL 2002-33303^, USP 6,338,013s, USP 

6, 138.063S, H^-^^U^ 2000-560063S *§■<>] ojtj-. ^- 7 fl^iL 2000-66728 Jl^t 
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^^7] ^oflAi -g-^V-g- ^*>^ S^Hl^ ZL -g-^S} ifj-^g. f^H £ 

J± ^12002-33303^^ ^ 7$<$7W*\ o]4 ^ofl ^ 0.3.4, <^z\ ?fl^ 

«l€-^r 4-g-4^ S.*^ «*]^4. USP 6,338,013^^ o)Jg. ^ ^ofl ^.£4 

^^U) =t= SZ^r -H^U i4*N ^l^S* 4-§-*>£r ^-71^ ol^^li- ^ 

USP 6,138,063JL^ «J-^=4 ^s><^ *M3.4H# 4-g-4o} S ^ j§^ 7 ) 

£-iMH^7ti^-iL 2000-560063 Jl ^ .H^4 4i^4!JL«- ^ 5U^r 3^41 ^-«H 

<10> ^7l*V 44 ^ 7]^#^ 4^7fl2l 4^-§- ol-g-^ ol-f-S.^ ^#444 4 

^ 7l7l» 4"§-*H 3#*fl°> *KH-3. ZL ^^til-g-ol j7 7 >o] 

<11> M. igj-^o] o]= J77> 4^ 7l#^ 4*Htt, ^-^^^T-i: 4^r^*Rr ol^S-^-o] SI- 

'S* 4s.*>7i4 ^jis. 4^r *Bi5^ *frH.fll<H* °l-g-*V^ 4^s. jsl^eiH 

^WRr ^ll^^tl &4. 

<12> ol=ji4 4^ 4^ 7l#^ 4^1^ ^"71 o^^o] £ 7 0 1A E | 0 ]^ ^l^rU-^-g- 

-^4^*11 7^v afl^Hr 31 5Z4. 

<13> ^"71 7}^ 4^fl# ol=7l 44^ 51^3H^°fl -g-4^^1^-1-, 
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^ ^*US>H ^-^^^-i- 7}-§:^^Rr ol^^ofl -g-sK^Jfl- z|z^ ^u)eH # 

71 ol *S.*ol XU $)*|6|H ^>-S-o.S #71 51^3H>£o_3. ^«r*Rr ^ofi 5^<H>H. (a) # 
71 ol^^o] XI i ^^S.^-Ei ^ TlBl^ XI 2 #71 ol^.s.*fil XU ^ 

^■i- 3l#^ ^1; (b) #71 (a) #?1HH xi#€ *fll U"^^ °1*3.£* #s\X\Q ^ 

^ TlSl^ ^Hi): X13 $1*HH ol^S^ol ^- 7 1 ^^Eflol^ofl ^ef^l ^^^l 

^sRr #31; £ (c) #7l (b) ^r^^., #7l oi^s^-oi # 7 l Hsg^^oi^dfl 

#71 XI 1 y oH^l 51*11 31 ^*3*1-5L^ XH^>JI, #71 ol^-^ol sjr 7 ] £?0 1a 
Ellol^o.S.^-Ei ^<X^1 ^ #71 X13 $1*HH #71 ol^-S-^rSl Xl2 «o V W* ^1#^>J1 #7l 

<14> #71 71^^ °l^-7l $\t}c*\ M. o. ^ ^^^A-l S.^^-^ 

<T^*Hir o]?g-g_£o} XU $1*HH 7>^O.S H^^M^O.^. ^^Kr #^H1 ^<X^i, #71 
SL^J^M^l ^s]^ ^s^a]*-; #71 ol^^-xl ^l^lfe ^-4^^-; #71 -g-sH^|-?- 
<HH #71 ^KH^S <£4l=l*r ^ ^AlAl^^-o^ Al^Vl- ol-g-^o^ ^-71 

5L^+i])o}#3). ^y) o)^^^ Tlsll- Xl#*Kr 7lSlXl#^-; ^M" ol#sl 5.EH 

<S4£H, #71 °1^5L^ -^Tlsl ^*Hr to-1; ^ #71 7lSlXl# 

^l#5l^ 71^^ #71 afliSCHH ^^7lHl« ol-g-^, #71 °l-§-3L^°l *Hl 

$1*13.-^ ^^7leinv# xi2 $1*HH *fli ^zl-g- 31#*1-jl, XU #^=^# oi^-a 

^ ^SlAl^l * ^ TlBl^ *fl3 $1*HH ol-^^ol #71 S^^Eflol^^ 

^1 ^£^1 ^a*}^, ^e*> #71 XU ^^Hl ^«fl, + #71 X13 $1*1 

olH #71 <>l-§^.^ xi 2 U-^zl-i- 31#*}:n #71 XI 2 #^*H1 tcfel- ^*g*K£s. xH^Kr ^ 
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^"71 #*l^r tif^-^^Tll^fe ^-71 ^^MH ^-S.^ *H*£Hr ^S. ^ ^ ZHrS. ^ 

7ie]<4 *M1 ^7lel#£] ^1-1- Ji^-*Rr iL-tf-f* el £W. 

£ l£r o]^^ S^l^Eflol^oZf^ ^ Wj-^^7il» l^^fe (x, y, Y) 

th ^7H, (x, y)fe JE^^lH^ ^30.3. «fl ol^-s.*^ ^.A 3*1* M-^HH, 

Y^r ^^S.^-^ ^T-l] 7H)1^1 #^*Kf H-Bl-^cf. (x, y)^ ^2\S-A (L, O 

51 2^r ^ofl af^ ol^s^-o^ H^^Eflo]^ ^^-^1^ ^11 ^A}c^l^ ^ o. ^ 
\£ t^£^1, S^^Efl ol^(210)^l ^l^^r ^ ^2 (211, 212), ol^s.^.(220)<H] 

^13^ *fll ^ *fl2 ^1^(221,222), 7151^1^(223), ^3^(224), l£^f(225) ^ 
^(226)1- i#*H 

£ 21- ^-S^, 51^3H^(210H1 $J°H, *fll ^-¥-(211)^ ifl*l# 
^>7l -§-41- 1^3^ ^^-S. ^12 ^^1^(212)^ ^11 ^^-(211)3.^ ■§- 

^7> ##£l^r ^l^^l ^RV^7lAl^l- ^"^Al^ ^JlS. ^7H, Al^7l<0^^ 

#s)-icl- ^s|.^h 7 i. nfl-o ra}^ *\3L^ , *|^( Infra-Red, °1^> IR°le} ^if-) 5E^ ZL^4 
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41-SKRadio Frequency, °}?>} RFef ^^-)» oflS. # ^ *m ^a] -^(211)^-^ mJ-^tt 

^4^1 <U°\}£. 2^4« # ^ 
<20> ol^^.(220)^l 9l<^*\, *M ^-¥-(221)^ ^-4 ol-f-<H*H, i^^Efl 

°1 -51(210)51 *fli ^Al«-(2ll)S.-^Ei ^^51^ ^(220)AS. <yA>s)^ ^-41- ^trtf. A2 
^^-(222)^ £^JiBll ol^(2l0)^l A]2 (212)5.^ &&s\6) 3_%(220)<LS. <QA}5\±r 

71^^1^(223)^ A]2 ^^-(222)ofl>H ^}^7}^\s.7\ ^a]<£ Al 

#4 m ^^(221)oll Ai ^7} ^l^ol ^ol^ ol-g-Sj-o} ^A]tL (2 ll)^«-E-l 

*Hl ^^(221)4*14 7] el, ^ iE^iEfl 01^(210)4 ^(220)^4 4sl«- 7ll<0;t!:4. 
<2i> ^^cl(224)^ oi^. S ^.(220)^- ^-^ol7l ol^oi £ Ei (4 HI 44 

4i444, S.44 sl^^l- ^#^H ol^S. ^-(220)51 ol^ 444 ^ 7fl jfl^ o} ^^TlEl ^ 
^tr4. 11^(225)^ 4^4 4n4^ iH^Kr <te4(224H14 

^ ^T*3444 ^ ^Tle^ol 0_^ # ^-n> 7 1^^- ol-g-^l-crl Ji^tf. 

<22> -e^lol«.(226)^ 443l^(223)o114 ?ll^£l^ 43^4 <?fl^(224)<=Hl^ ^ 

^7l£l# ol-g-^-ol, ol^.^(220)ol ±% 4^ QTL*}7]ij- ^*}-§r ^AS 4^ 4l 4 4 5. 
^4 ±$ 434^- ^^th A2 44^14 *fll 4^4^: 4^4^, 4l H ,}M^f #4 ol^ S 
-2444 ^ ^ 7] e] 4^ ^4 43 44°fl4 ^12 4^4# 4^tr4. °1^, o^s 
^-(220)ol JE^Efl ol^ (210) ol 44^ #^4^ tiVcflS. afll 4-^44^- ^444 ^4 4 £l 4 

^4 ^-f 5.^31 01^(210)^-51 ^44sl<2]- ^3 44^4 ^ ^t]] o) # (210)4-51 44 
51 wli2 ^6\] x$z\.*\ ol-^ S ^.(220)ol *fll ^4 jEE^r 42 «J-^4°il 44 ^^KE^ 44 
1*4. 
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<23> £. 3£ £ ^ ol^^.^ £?<)iBl|o^ 2fl2 ^Hl^l M-Ef 

\H S.53^ol^(3io)oj| ^-WlS)^- *f)i eH^OII), #A]Jf (312), ol^s.*(320) 

^l^ t(|2 eH el (321), ^^-(322), 7^711-^(323), ^3^(324), ^.^(325) ^ 
^^^1^^(326)* 3L#«H tM§€i}. £ 2<H1 51 a^ Tin ^ A]ofl bfl^ij. cfs. A]^7l 
^l £ ^^Rr ^2 ^Al«-(212)^ *112 ^AjJf (222) tflAl A}2 eM^ 

(311,321)1- A>-g-^ ^o]cf. ^ 7 H, X| i >|)2 El-o] ^(311,321)^ t5LS ^l*)-^, ^tf 
^*2MH ^(326)1- ^«*Rr ^olaSHS.^1^ iflSj E^M 7l^# o]-g-^ ^ ojcf. £ 2 ^ 
*)U ^AHloflA^ ^O^^J. ^ja.^bfl Cfl€flA^ ZL ^3*1 ^ ^^-i- ^^>J7 ( *fll ^ X| 2 

bM "1(311,321), ^Al«-(312), ^Al «-(322) 7] &1 711^(323)1- f^^ilS. 4i^S}7l5. *V 



<24> £. 3-g- ^5}^ , £^^^l o l^(310)<^l °J°1*1, ^A]-^(312)^ XU Efol^(311)S.^Ei 

^*VCK 2111 E]-oH(311)^ ^A1«-(312)^A-1 X\# #3]3. iHW ?1 7l *V € 

;i<£3. Ol^-^^l^ EfolnjAl^S. igHH^Ch 
<25> ol^ S ^-(320)^l SU^i, ^Al«-(322)^ -g-4 ^3. ol^^H, SL^^HAj 

(310) ^Al«-(312)S.^-Ei *1^£H 5.*(320)°.3. ^a]^. X|2 eJ-<>H 

(321)3=- 2)11 EfoH(311)<4 ^OJ^J. BfolnlAl^ ^X|^ 7lel^A>-H(323)S Xl^-^-Cl-. 7\?\ 
711^(323)^ 2112 e]-oH(321)S^-e-1 2)1^-51^ EfolnjAi^^ ^ ^ 4 ^a] «-(322Hl a^ 

^Aj=1 A^^o} *>ol^. Ol-g-^j-cxl ^Al «-(312)S-?-Ei ^Al«-( 322)^1 Si ^ , ^ £ 

^^M^ (310)4 5.£(320)#i2l 71 Ell- TllAVtVcl-. 
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<26> £ 4^ £ 2^11 9X°]*\ 7121^^(223)^ -§-*h8: ^*Rr , £ 2<Hl £Aj£ 

71^7)1^-^(223)^ *fll ^ *fl2 ^^-(221,222)^ z}-^ -g.44 a} #-§- 7 l Aljr 7} ^a]^ a] 

4# 14 £o] iEfl ol^(2l0)4 5.^(220)^ Tlel(L)^: Til 

<27> [^*)-Al 1] L = Afc 

<28> <3 7H , c ^ -g-^# SIdI^ zl 3.71^ 340m/sec ^lJl, At ^ £^ ^tlH *i( 210)0^ 

#4* ^t!: ^(220)^1 ^-s}-!- ^a]^V *l^#2l ^1^>1- £)*lt!:4. 

<29> ^, 71 Si 7)1^(223)^ i^^Bll ol^(210)^l afll ^ ^2 4^1-^(211,212)3.^ £-44 

^^7l^l^7> ^AHl ^E^, ^2 ^-^(222)0^ ^1^71^1^ ^A]^ Al^(A)a2f *fl 1 

^^-(221)^ -g-nf^ ^ai^- Al^(B)* <$nSL3, A, BTJ;^ *M(At)» -S:#*VuL, °1 

1- ^Mf(c)4 ^>sM ^ o) ^^.(220)^1 ^14 ssg^oi^ (210)3 ah si 71 e| 
(L)-l: 31^4. 

<30> £ 3 ofl £ Als} 71 el 711^(323)^ ^^-(32)^1 a-1 ^Aisl^ ^4 Efolig 

Al^oflA-l ^^^Al^^- oj^o.^ *H, 14 S.%^°]& (310)4 

(320)#4 7lsl(L)* 31^4. °] ^"71 ^«J-Ai iofl o^a} At ^^-(32)°^ ^-4 

7> ^sl^ ^1^4 eM^^^IM lif^M^7joj Ai7_v^# 3*ltb4. ^r, 71 el 7)1^ 
(323)^ £^3H^(3io)3 ^Ai^-oiD^E] ^-47} ^4 bM^^I *7l 4<H ^4 
^^(321)011 a-i bH 1 ^:^ ^^^^1^(A)4 ^^(321)^ ^-4# ^a]*v Al^(B) 
^ ^<*l A, B#S] ^ol(At)» ^f^-ji, °11- -§-^(c)4 *5^H ^ °1^5L£ 

(320)3 4*14 51^3M^(310)3 ^ol^ Tlel(L)^: 31^:4. 
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<3i> £ 5^ £ 2 £ 3°\) &o]X] ^^-(225,325)21 ^*h§- -g^SRr , 

^ ^^(511), ^^-(512), ^^-(513), #*H»-(514), (515) ^ t) 

^(516)1- 

<32> Ji^Hf (225)^1 -g^^H <g*\ ol^^.( 2 20)2l ^ *1 ^ « 0 >^ 3-^6\] tfl^j- 

o} ^t\. 

<33> i^, 01^^.(220)^ £ H 3EA]€ (X, y, V) 51-S71H1 l=f£- 

<34> l^r^ 2] *(0 = v(0cosy(0 

<35> • , . , . . . . 
XO = v(0siny(0 

<36> ' r n ✓ n 

<37> o^H v (t)^ ^olJL, 0)(t)^ zHr£ ^^olcf. °1#3°J Al^Eflofl ojol^ 

<38> oi^ s ^-(220)2i ^^-« 0 v^i cfltv oiavai^e^ 5.^0. c^o. 3 ^ ^. ol q. 

<39> [^^3] -ST(*+l)=Jr(*)+^(*),C/(*:)) 
<40> 0^71*^ 

<41> X{]c) = y(k) y(k)V 

<42> t 

U(k-) = [v(fc) co(£)f 
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<43> 



fix<jc),u(ky) = 



TcOSy(Jc) 0 



Tsinf(k) 0 



<44> 0^71^-1, T ^ ^Bl^tJ-. 

<45> SEth °l^S3K210)2l ^^-«oHH] ^ 5L<f ^ cf-g- ^flj-aq 44 £o] uJ-Ef'i 



<46> 



<47> 



<48> 



[^*H=] 4] Z(£+l) = GCW+l)) + 



x(A:) 



y(*) 



<49> 



<50> 



<^7H y (k)^ 931^^(224) HL^r 7^ 7fl^Jf(223) ^<Hl ^ & t^t^S N(0, S(k)) 
^ 7WM°J tt^lt 7>^1^ S(k)^ ^^^-^ ^^HS^lt}. x(k), y(k), y (k)*r °) 
^S.^(220)o11 ofl SD ] (224)5^- Ei <£o^^ <fl*j «} ^ ^^^o] J1) R( k )^ 

^Sl^l^(223)oll ^efl <*o^l^ 7^ ^^o]4. 

(v(t))4 zHr£ ^^(w(t))ofl #^tb4. °H, 
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<51> ^ ^ 

5] X{k+\,k) = X{k,k) + Z (&)£/(£) 

< 52> r 7co^y(A:) 0 

Z,(&) = Tsin y (ky 0 

o r 

<53> o^H L(k)fe U(k)» ^S^Rr ^folcf. 

<54> ^ ^ 

^^^-¥-(512)^ A]^efl X(k+l,k^ a)) ^ Z<&+l)o. S ^^Cf. # 

^1^(512 HI <3RV ^#^1^^: 4-g- 64 ^-cf. 

<55> [^^ 6 ] Z(k+V = G(X(k+\ > ky) 

<56> ^^-¥-(513)^ <ffl^(224)S-?-Ei *fl^£)^r °]^3.£(220)4 ^*1^&4 

(223)3^ ^1^-5]^ S^i^Eflol ^(210)4 01^-^(220) #4 ojsjiLS. *H #7l 

^*vai 4 o|1a^ ^ Z(k+D* IHM*!^. " 

<57> #^(514)^r ^-^ ^-(513)5. ^-Bi ^sq^ ol^^-(220)^ =§j^& Z(k+1) 4 ^^M] 

^(512)3^ *H^£]^ ^Ml^nSt ^a+Dol ^ ^^cf. 

^n> ^EK515)^ 7°\] 3)34 ^tVcf. 

<59> 7 ] = X{k+\,k) + K(k+1) • [Z(fc+1) - Z(&+1)] 

°1 ^ ^B^|(515)7> Xdk+Uk+l)^. ^AV^^ci A>-g-S}^ nH 711 ^-1-^ ^ 

<61> 8] ^ + l) = / ? (^ + l,A:)C r (^ + l)-[C(^ + l)P(^ + l^)C r (^ + l) + 5()t + l)]- 1 
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<62> 



<63> 



<64> 



P{k + 1, k) = A d (k)P(k, k)A T d {k) + Q d (k) 



P(k + \,k + 1) = [/ - K(k + l)C(k + 1)] • P{k + 1, k) 



A d {k) = 



I+ d -^^\X = X { k^U = U { k) 

1 0 -v{k)T sin^k) 
0 1 v(k)Tcosj(k) 
0 0 1 



<65> 



<66> 



Qd(k) = B d (k)QuB%(k) 



B d (k) = 



d(L(k)U(k)) 



<67> 



9U 

rcos7(/e) 0 

Tsin7(fc) 0 

0 T 



\X = X(k,k),U=U(k) 



&,(*) = 



s v 0 
o s 



<68> 



C(k) = 



9(G(X(k)) 
dX 



X = X(k,k) 

1 
0 
0 



0 

1 

0 



<69> 



x(k)(x*(k) + y 2 (k))-°- 5 y(k)(x 2 (k) + y 2 (k))- 05 0 

^^-¥-(516)^ Al^^( time marching)^ sfl^Hl $X°]*] , #31 

7 <§^l*Rr ^r, ^SH^V -^(516)1- Tl^S.^, ^ 7}}a!- cf^] 
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^ n# &n £(.*>vy\ £)ch, 31^ oi-g-^cf. *i ^(516)3-^ 

^fl^fe 33 Al^Ej ^«-(511)S. ^^-^Cf. 

<70> #71 a>«4 ^ ^^.(511) ( ^^^«-(512), #*HK514), ^r^V ^(515), 

^ ^1^-^(516)^1 ^«fl ^3*r *|^ = # ^ ^ #4 

^^(511)^ aI^e^ ^(fc+l,^ ^^^H«-(226)S. ^|-?^tf. n ^nf, ofl 

S3 (224)3. °J*H ^5)^ ^^71 El 51 ^>7> 
<71> 51 6a ^ 6b^r ^^1 °l-^3.£5l ^J^M^ ^^-Hj-^^. SL^lcf. 

<72> £ 6a^r ol^s.^-4 S^iEllol^ ^ $1*1 #31» iL°i^*f £^ o.SAi , po^r SL^i 

^1^1^(210)51 51*11- q-El-^ji, pi, P2, P3, P3'£r °1 -^3-^(220)51 *)U $1*1, ^2 $1*1, *fl3 
$1*1, *fl3 ^^51*11- z}-z}- q-Ej-yflcK D2 ^ D3^r °1 -^^(220)51 *fl2 $1*1 * *fl3 ^ 

<73> £ 6b^ l^l -E ol^S^-51 S^iEllol^ ^^Ma^ if£i^ , 

w oH^ 711^711(610), ^5K Vt & ^#31(620), ^ ^*2MH #711(630) 3 01^^14. 
<74> afli ^z}- 711^711(610)^1 5^*1, 611 #7lHAl^ ol^ S ^.(220)ol ^ ^<Q& 

^4 "t&Sr igSLS. & *fll $1*1(P1HH ol ^ S ^.(220)4 51^3H ^(210)4^ *fll ^3 
(Ri)» 31^^. 612 i&Tfl^Hfe- ^sJ^H^-(226)oll 51S11 01-^5.^.(220)* *112 $1*1 

(P2)3 ^Al?Jc}, 613 ^tIHHtt *j| 2 $1*1(P2H1*| ol^33H220)4 £^ ^1H^ (210)4 
51 *112 7lsl(R 2 )l- 711^^. 614 ^HHtt *fll 7]^(Ri), *\}2 7l5l(R 2 ) ^ *fll $l*l(Pl)5l- 
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m ^^(P2)^ ^^^eKLi)!- oi-g-^H m u J-W(e ml )# 31^4. *fli «o v ^(e ml ) 

<?5> e /«i =e ii +0 i2 

<76> 0^ 7] A-] f 

<?8> fl .^H^Z^ 

<79> ^-71 Hofl 9X°)*\, *Hl >|Bl(Ri)^ ^12 7l^(R 2 )^ 7^31^(223)^ Tfl^S] 

Jl, ^^(Pl)sq- *fl2 fl*l(P2)^ ^*3^^(Li)fe ^ae) (224)5.^ B\ ^l^^cj-. tf}-^^ 
TflS^r <35ELt:-U224)3.JfEl afl^fe afll ^^l(Pl)^- *fl2 ^^1(P2)^ ^tg^ej ( Ll ) fe *]t£<>\ 

<so> ^^^-^(620)^1 9X°)*\, 621 #7HH^r ^«H-¥-(226)3 *\]°]«\} £l*fl #7] 

614 #3HH *Hl H J-W(e m i) ^ ol^5.^-(220)-i: ^SHfJt}-. o] ufl , <y 3| <i] ^ 

^r, ^l^l y o 1 -^ : (+) SLfe A]7ila]-cfla 0 l-^(-)o.S. *fll y J-^(e m i) ^ ^SH^Tfl ^cf. ^r, -tf 
7] 614 #7iHH *fll ^ZKe m l)£: ^3l«cRK + )°-3L ^5l*fl^ ^1 A}^tiVcfl^l= 

(-)SLS. *]3)3flo) ^1 ZL ^oj] cfl^flA^ ^cf^- ^ &cf. uJ-eH, ^-7] 621 ^HH^ oj 
^3] ^0.3. *fll W(9 ri ) ^# #s\*}7)7)) ^cf. 622 #3HHfe ^*1H^(226H1 
z\)o]6]) cq*fl ol^^.(220)# ^13 ^^1(P3)S. 623 #3HH^r ^3 ^^l(P3)ofl^ 

ol-^S^-(220)^ £^^^1°1^(210)^ ^3 7Hel(R 3 )l- T^l^V^-ti}-. 
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<8i> 624 ^XHHtt ol^.^(220)^l £58 ^31 °) #(210)3 3*l(P0)3.JjM=l ^<H^1^ a <^-£- 

3. XU ^^(e m i)'?>^- *is|*H ^ 7^ ^^A] ^^(P3')^Ai H^^M^ 

(210)43 ^BKR3')« ^^W. £^3M^(210)43 ^^^s](R 3 ')^ tf-g- 12ofl 



<82> 



<83> 625 #XH*lfe #7l 623 <23HH Tfl^M XI 3 7isKR 3 )4 Aj- 7 j 624 i2XHH3 ^§7i 

< 84 > ^XH#7fl(630)<H] 9X*\*\, 631 Xl2 7iBl(R 2 ). XI 3 ^^(R 3 ) * XI 2 3*1 

(P2)4 X|3 3*1(P3)#3 ^*S^^(L 2 )1- °l-g-*H Xl2 ^4(e m2 )^ 31*1^4. Xl2 « 0 H^ 
(e m2 )^r 4^*) 13^1 3*11 ^1^V€ ^ 5A4. 

<85> [^*)-x} 9 „ ;2 = e 21 + e 22 

<86> ^71*1, 

<87> » 2 -t-r 2 /? 2 

G " = C ° S C 2/^2 5 
<88> i? 2 -.-?? 2 /■ 2 

0 22 = COS ( 



<89> A o V 7l l3ofl Si^H, X12 71&|(R 2 )4 X|3 7^^(R 3 )^ £ 2<X1 JE^ 7^X1^ 

(223HH ^AVslul, XI 2 3*1(P2)3" X13 3*1(P3)#3 ^^^5](L 2 )^ £ 2°fl 
(224 3 Xl^£4. «V^-*|*»ll3.fe SJlaci (224)3.^ Xl^S)^ XI 2 3*1(P2)3" XI 3 3*1 
(P3)#3 ^^7lEl(L 2 )^ *1*33 4 *V jL*>7> iL^(225Hl >H =r $1^. 
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<90> 632 ^tHHtt ^7} 625 #7lHH£) Hlaa ^4, >D3 ^El(R 3 )2l- ^ 7] £) (R 3 ' )7> AjS 

4-E- 621 ^HH^ Ai^a 0 V^ ^<g*l- « e >^o.S 0)^.^(220)0) XU ^^(9,1 

)ofl tq-eq- ^ag^js. ^l^tb^. 633 ^tHH^t ^>7l 625 i&XI^H^l ti^ ^4, XI 3 7]z](R 3 
)4 ^^^Bl(R 3 , )7> §-<a^r <>l-^ijL£(220)°l XI 2 ^zKe^H 4^ ^SK£4S. XH 

^-4. oh, oi^- s ^-(220)^ -id^^-g- #3^^.^, e„i°l <4|ztel*l ^-^1* ^*H, 
e m i<>l oflz^oj ^ x|2 «j-^(e m2 )^ xi 1 W(e B i) ^s]«k*:4 ^tfl^o.^. ^^*>ji ( 
e m i°l 34- X12 ^(e^f XI 1 a J-W(e m i) #2) H <^4 #^0.3. 5)^*1 
4. 

2HS^ ^*Rr 7>%-^>rf. ^^7> ^ ^TT 7]S.nflXl^ ^^1 

3«M 91^^ <T ^0lEi7> *|#£|fe #^-51 7l^-^l» i^-tVcf. ^^7]- 

^ 91^ 7l^.BflXl^ ofl S i. ROM, RAM, CD-ROM, x>7] *IM = f ^e^c^a, %t\)o]tf 

^^§>7l 71^-^ ^(functional) ESU^, 51 EL ^ S = Xln^H^ ^ °] 

7l#^^ HSZLefl^^l -g-oi^Tll ^€ ^ 544. 
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^5)^-8: ^^f-^-S.^ ^^-g- ^ sa-a- * °We} *!:■&■ *r 

5^. SEtv, dIjl&I^ o.s <?l*i ^ Jil- £-4 

« ^14. €■ ^3 7l#^ ai s.^^^ 7 ]^^ A > 
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1] 

S^^Eflol^ofl ^A]« ti ± $ ^oj^g. ^5}^ s.^^>o. ^-^^ o^jl 

(a) #7l ol^ S ^-o| ±^ TlEj^s. ^2 $1*HH #71 ol^s 

(b) #71 (a) #7iHH 7fl#^ afll ^z}-^ ol^-S.^ ^SjAl^l * ^ TlEl^ 

(c) #71 (b) ^T^HlA-1 ^^4, #71 Ol^^ol #7) £39^01^^ 3 # 
7l afll U-^^l ^«fl 3l^r ^^*>£^- ^H^-Jl, #7l 01-E-S.^-ol #7l 5.^^Eflol^O.S.^-Bl 

^4- #7] ^13 $1*HH #7l ol^-s^-^l ^12 ^^H: ^l^Vi #71 A]2 ^^^l 

1*3^-% 2] 

*U %H1 SI<=H^, #71 *U ^ ^12 ^7} ^S^A]*.^ -g-Sj-^AlJf A>ol 

^ ^ 3^1*1^4 ^1*13^ ^l?i^V^E^ 7ll#5l^ #7l Ol^-S^ £^^Eflol^^-o] 
71 Si ^ #7l Ol-^S.^ S-^ofl ofliSClJL^-Ei ^S]^ ^^7l5l» o]$.f;}c*\ 7%^^ 
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3] 

(al) #7l #71 afll ^^H^ # 7 1 o] -^5.^-3). #71 £5g^ol^3|.^ 

7^Sll- 7H#T5Rr ^-711; 

(a2) ^>7l ol§ S ^ ^2 3*1^ #71-^12 fl*14H #71 ol^s.^-54 #71 

Sl^J ^Efl 01^40^ ^2 71 El « 7fl*V*H=- ^711; 3? 

(a3) ^-71 *fll Tlel, *fl2 T^el ^ #7l afli ^*l<q- a«2 ^Tl^l- °l-g-<5}c*l 

4] 

^13 %H1 Si^H, -*7l (b) ^711^ 

(bl) ^71 *fll f}-^^># ^^l^l ^SLS. #71 ol^.S*-i- ^^^1^ ^13 <fl*l5. ^ 

*1 ?1 ^ ^711; 

(b2) *fl3 3*HH #7l ol^5.£4 S^l^M^S}-^ ^3 7ll^>^ 

^711; 

(b3) ^"71 ol^S.*o] #7} £7j^Eflol^ S a. E -l ^o^lfe aj-^O.^ #7l *f|l 
3. ^Sl^ ^TlEl ^*1 3*HH #71 H^iEllol^^ 7lEl# ^*Rr 

^711; £ 

(M) ^-71 (b2) ^TfloflA-l 7ll#^ ^)13 7lel<4 #7l (b3) ^TTlHl^Sl ^ 7] S| H] m*} 
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5] 

*U 5£°H, A oM (c) 

(Cl) #7] m 7]2\, A]3 7^ ^ ^71 A2 AS ^^7^e|l- o-|-g-^ 

^7] o]%. slz-o) ^ 2 «oH^# <i>#*>fe ^1; 

(c2) #7) (b4) #3HH^ tiliU ^2}-, ^3 7^54 ^^7^^7> AjS cf^. #71 o] 

(C3) ^"71 (b4) ^HH^ ^jz)-, ^3 7]^9\- ^7]^7\ ^-f ^7] o]^S. 

6] 

*fl5 « Sd 0 ^, Aj- 7l (c4) ^-7)1^ 

( C 41) #7] *fll <^<?] ^-f ^7l *fl2 ^5)^*^ #71 (bl) ^7^1^ 

(c42) ^-7] HUl^W ^ ^7l ^12 ^A^i ^SJlHS^ ^7l (bl) 

^ *fll ^d^^ ^t!: «o V ^°l 5]^^ ^H^Hir #31 5- °l^o^m %-§r m^SLS. 

7] 

^2 -M &<>H, ^7} 5L^^l])o]#6]}x] ^71 ol^S.^LO.j- <y A>£l ^ .g^o) 
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8] 

9] 

10] 

*fll ^ MM *l)9 *J- # # %H1 71^^ y o v ^-i- ^^11- ^ Xlfe H^a^i 7]7}]*V 

[3^8- 11] 

^ ^* ^WS^I *}-§-^«8*Hr Ol^^-O] <H*HH ^0.5. 51 

sg ^ Efl o] ^ ^ Si , 

^71 o^iMHl 0.4^ 
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#71 ol^ S ^-o| ^1 ^j-^ ^Ti^Hg- Xl2 ^*HH X]l ^]^>^1, 

Xl 1 ol^-s.^ * ^ 71 ^ ^m. ^^*V Xl3 ^*HH ol^-s^-ol #71 

Ssg^Bfloi^ofl ^^M^l ^<H^*1 ^r^H, ^-71 X| l ^ 

*l #7] X|3 ^7] o)^^^ ^2 ^Z^g. 7\]#Z}51 ^7} X|2 U^zH 4^ 

12] 

XI 11 %H1 A 1 , ^"7l Hsg^ol^dflAl ^-71 ol^sL^JLji. <^}S|^r ^-4^ 
[^T 1 * 13] 
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[^t 1 * 14] 

all 11 U- vfl^l xll3 ^ ^ $ 5a°H, A oM #*l^r ^71 ^xH-^sL^fH xi 

[^T 1 * 15] 

all li %H1 &<H*l f ^-71 ^xH^Hr xli 3*HH # 7 l o]^^ 

Eflol^^ ^ U 7lel> ^- 7l ol^-S.** ^ 7^ ^A]5tl Xl2 ^*HH ^71 ol^ S ^-4 # 
7] JE^^M^^ ^ 2 Tie) ^ ^"71 XU X| 2 ^9 7^1- oj-g-^H ^"71 

16] 

*IU5 *M 91°]*], ^7] ^XH^tt ^7} XI 2 7]B), ^7} XI 2 $1*HH *fll 
# ^SLS. <$7] ol^-S.^-* ^^M^ 4^7^ ^*3*m *fl3 ^H*HH ^-71 ol^S.^- 

3f -#71 JE^ElH^o] ^3 7lslj ^- 7 -| ^ 2 X)3 ^*RV^ ^^7]^Wr ol-g-^M 

^71 X12 «o v W-i- ^V#*Rt 3^8: ^-23 *>fe o] ^3-0} s.^+t)]o}# ^^^1. 
[3^8" 17] 

XU6 %H1 &<H*1, 4 V 7l ^XM^tt #71 X12 ^H*HH # 7 1 £^^Eflol^o.S.«-E^ 
<H*lfe- y o V ^5- ^2]tb A o V 7l Xl3 ^*HH ^71 # 7 ] S^^Eflol 

^sl* xl3 7ie|<4 ^-71 ^7le|7> a]s ^ XU 
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[^T 1 * 18] 
*1. 
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